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Risk AS A Resource  - A New Paradigm
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NASA must change dramatically because of the CUI rent LJnitcd States federal budget climate. l’hc Amcricarr
people and thcjr elected officials have mandated a smaller, more cfficicnt and effcctivc government. E:or the past
dccadc, NASA’s budget had grown at or slightly above the r.uc of inflation. In that era, taking all steps to avoid the
risk of failure was the rule. Spacecraft development was cham[mizcd  by extmsivc  analyses, nunIeroLIs reviews, and
multiple conservative tests. ‘1’his mcthocio]ogy  was cot}sistctlt  with the long available. schedules for developing
hardware and software for very large, billion dollar spaccc[-af 1. ‘1 ‘hose days are over. l’hc time when every jdcntifiablc
step was taken to avoicl risk is being replace(i  by a new i~a[adigtn which manages risk in much the same way as otimr
resources (schcchIlc, perforll]ancc, or dollars) arc managed. Whi Ic succcss is paramount to survivai,  it can no ionge.r
bc bougilt with a large growing NASA budget.

NASA’s brtfer,  faster, cheaper philosophy for doing business wili provide the founclatimr  for an exciting
space. program that delivers more tangible vaiuc in products and more re.icvancc  to the pubiic at significantly iowcr
cost. I’ivotal  to the success is 2r ncw aj3proacl~ to pmiuct  assulance. ‘1’i~c. chailcngc  facing NASA tociay is not faiiurc
avoidance at any cost, but rather rccnginccring  our imccsscs  LO rc(iucc the cost of SUCCCSS.

in t}w ncw NASA, risk management must bc dcvciopcd  as a skiii to a far g[catc] degree than im cxistcci in
ii~c pmt. l’ast apimachcs  i~avc ixmiuccd g[cat succcsscs  but at ~rcat cost anti icngthy scilcciulcs. In the future, risk
an[i its componcnl contI-ibulors  must be rc-evaiuateci. ‘1’hctc tuc thI’cc  conlcxts  of risk thot will bc a(icircssc[i in this
i>ai)ci-: risk m a resourre,  which expands mi shifts t[ adi [ionai risk cons i(icrations;  tmirgi)ml  cml  of I-isk,  which
ad(imscs the culnuiativc anti time rciatcci effects of risk r-( ’duct iorl; and, an aitcrnatc (icfinition  or )re)v )lle(tllin~ of
.VI(CY-C.SS  and how it reiatcs  to risk.

j{isk.  as. a .R.csoLIrce - Risk in the ncw NASA n~us( bc consicielc(i a priori as an cxpcnciablc  ami managed
as a rcsourcc just as mass, powc.r,  pcrfcmmncc, schcdu!e,  and cost arc resources. III tim past, risk rnanagcmcnt
fmqucntly  meant that a project was managed e.ithcr not to take risk or to minimiz.c risk (always at consi(icrabic cost).
Ciivcn enough tilnc and money, risk can bc. IcLiuccci  to ncaI Zero. As a naturai prmiuct  of’ tilis succcssfLIi past, a

pattern has cicveioJvxi  to take very little risk by npi>lyir~~  ove.I 35 years of accurnulateci test zrnci  analysis cxpcricncc [o
to(iay ’s technology. Spzrcccrail cicvciopmcnt  has cilaraclcr isticaliy  aci(ie~i wiciitionai analysis an(i tcstir]S as cxIciI  ncw
OIIC  w a s  cicvciopcci. C)vcr--conscl-vatis{n  i s  tbc imxiucl  0[ tilis traciition. S u c h  consct vatisrn is no ion~cr
cconolnicaiiy feasible, nor nccc.ssary witi] tociay ’s sip, r]iflcant a(ivances  in pIoccss contloi an[i rcliai>ili[y.

Mass is a rcsourm  that is tradeci against furlds availahlc (to cievclop alternative appmrchcs)  an(i ]]lission
ot)jcctivcs (iaunch Cailahiiity  to trajectory Insertion). }’owcl  is a ]csourcc  timt is tracicd a~ainst funcis avaiiatrlc (lo
cicvclop ailc.rnativc approaciws) anti capahiiity (electrical, ll~crr~lai, etc.). Similarly, t isk is a rcsmucc  tlmt must be
tra(ic(i against funcis  anCi schcduk available (to test or ar]aly/.c) all(i con fkicncc.

Wilcn risk is vicwc(i as a mource  instca(i of a conscciucncc, the cost of risk reduction mn bc rnir]in]im(i
through intcliigenl application of tracicofls.  ‘1’his Statcrllcrit is ioa(ic(i with cil:tlicngcs. Risk m a rcsor(rce instcaci of a
conscciuencc infers an abiiity to c1 priori uncicrstan(i ar~(i aI ticulatc tllc results of actions taken or not taken ami (heir
COSI.  l)ltrlligetlt applimtim of trdeoffs is another Ioacie.(i phrase. At the heart Of cffcctivc  c(msicic]-a(ion of risk is
the innate ahili[y to ciisccrn, bascci on as much avaiiabk  inforlnation  as can hc cfficicntiy  obtainc(i,  what the course
of action shoulci bc. III to(iay’s teci~nical cnvir’onlncn[,  fcciitlgs rcgarciin~ risk have little to cio with SUCCCSS.  I’ilc
chailcngc to ti~c miiability colnrnunity is to undcrstan(i al)(i aI [iculatc the results of actions taken an(i their assocm(c(i
cost. 1.atcr in ti~c paper, a faiiurc assessment ai>pmach arid a lisk rcciuircl~u-mts tr a(ic.oft’  a~)proac.i]  to provide these
ncc(icd urlcicr-stanciings  arc ciiscusseci.

~fa~ginal  {~ost .d_l{isk - ‘1’0 bc cf~cc[ivc in tiw future, ai]iwoaci~cs  ti]at realm thr cost of stwcess arc
ncecicci. A simpic way to express rC(i UCi Jlg the cost of SLICCCSS is ;i\ a tChltiOnShip  in which the cost for furti~cr  risk
rcciuction is cictcmtincci to grcatiy cxccc(i the vaiud of rc(iucitlg,  it. Ilonowing from general economic theory, this
rclotionship  lms been iabc.icci by ti~c autl]ors  as the marginal cost of I isk.
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In I’ip,urc 1, one observes that the incrcmcnta]  reduction of risk comes at increasingly .grcatcr cost (f I> A).
‘J’hc  marginal cost of risk is the cfiffercmcc bctwccn 11 and A. l;or equal I-ccluction  in risk early in a program, the cost
diffcrcncc  bctwc.cm  acljaccnt equal units of risk (normally n]casLIrcd  m probability of suwival) is not large. As lime
progresses and risk is rcduccd further, the incremental reduction of risk bcco[nes  inc]casingly  cxpcnsivc.  As a pmjcct
clcvclopme.nt matures, the. early application of rcsourccs  (0 a judiciously sclcctcd assurance provision is much more
c. ffcc(ive in miucing risk than a lntcr application. 11 is on (he proper selection of risk control measures and
npp[-opriatc  phasing of mourccs  fipplica [ion that ultimate risk to mission succ.css and the cost of controlling it
clcpcnd.

NCM: NIM~M Qf3tICCCSS  - I’l-ociLlctivity  ill thC spa~c “business” concerns the number or pcrccnkr:,c  of
succcsscs pcr unit cost (or succcsscs  witilin  a specific period of [inlc). I’ro(iuctivi[y  in space wili never i)c 100%),  mcl
furli)crlnorc, shou]d  not need to hc. (jftcn in the past, cvcly payioa(i kruncilcci  was viewed as a single event
uncoLlpicci  to other payioad  iaunchcs. In tile future, a shill is nccdcd to tilink of space eotcrpr-isc productivity in
terms of progratns; i.e., a series of events and not as (iiscrcct occurIcnces. 1’Io.granls  can bc consicicnxi as a scl of
events for which sa[isfac[ion is achicvcci by an acculnulat([i  IIigh pcrc’cntasc  of SUCCCSSCS.  Wi~cn  viewed this w.)Y,
program objectives accompiisiln~cnt rcpiaccs singic cienlcrlt successes or failer-cs. As an example, a progt. ~m
oljcctivc  10 observe the car~h’s  weatllct patterns is riot (iepcncic.nt on a singic cicmcnt  for  success . 1 n fact,
mclcorologicai satellites in an arlay may have {icfrcicr]cics in (hc in(iividuai clcmcnts,  inciuciinz total faiiulc of a
sensor; hut, if ti]c sky is mapped, ti~c progr-nm  objcctivc  is occornpiishcd a]l(i  the progrm is considered a SUCCCSS. 10
fart, I-ciliaccrncnt spacccraf[  am anticipatcci anti rexiicci as rmdc<i to nlzrintain program objc.ctivcs.  WiIcn succcs~ is
viewed in ti]is way, ti]c managcrncnt  of risk for a prog[aln is aiiowcd tnuci~ more latitude in clcaiing wi(tl risk control
rati)cr  than risk avoidance. I’his has significant cost bct Ic. t it.

Innovative approaches in ail assurance ciisciplincs  nlus(  bc institutcci. Simpic, cilcapcr, bUt Cfkl’kl:ll

reviews rrlost bc dcvciopc(i.  ]nslcaci of iargc gatim(-ings bci’or-c astute groups of rnanagcrs, concul-rcn(  p e e r- r e v i e w s  at

ati Ic.vcis  of assc[nbly  by tcchnicai experts shouid  bc comiuctcci to cictcrininc  ami rcsoivc issues in rcai time. This is
bc//er. lnnovalivc test approaci~cs, where oniy significant vaiue-a(idc(i testing is pcrfornlcd, arc ncecicd. ‘1’ilis is @ter
and che[ipet. Anaiysis mus( bc (ione only where true value is gainc(i. Ikuciitc ar~,urncnts  arc oilcn prcscntcci  on
nccc.ssily of anaiysis, hut ncw ciiscii)iinc in (ictcrminiap anti cioing crniy those anaiyscs wi]ici~ arc rLZIl  I y ncccswrry
must bc cstabiisi]c(i.

l)esign - IJcsign practices traditionally foilowc(i  may not fit tociay ’s lxtfel, f(~.ster, chcwix’t cnvironlllcnt.
]lc.si~,n tractcs arc a kcy p]acc for cost savings and a gIcat opportunity for innovation in successful risk Inanagc.mcnt.

An example of traciitionzrl low risk dcsig,n is the. requircmcn[  to usc oniy the highest reiiahiiity paws.
llowcvcr-, in 1996, tilis tt-adi[ionai approach is not as rigorously cicfcmiablc. Whcm  one uscs cstahlislmi um~r]~cr~ial
imr-ts  wilich have been in high volume prmiuction un(icr statistical control, acivan(agc can t)c taken of the acivar)ccs  in
n]()(icl  r~ ]~~an(lfactll[ir]~ cor)trols  ~nd tcchl]oi{)~i~a] [)K)~rL’Ss. I:rom Iiigur-c 2, it is seen that cornmcrcia]iy  awriiabic

parls of i 996 can bc projcctcd  to have rciiabiiities of ti)c satilv orxicr as Ciass S parts of 1977.
‘1’ilis  ica(is onc to consider tile possibility IIia[ ltlc two Voyager spaccct-afl iauncbc(i i n 1977, nmdc

])lc(iominantly  of conscrvalivc  api)licd an(] })igbiy  scrccnc(i  pat-k (2 Ciass S), t)olil of whici~ arc stili Cri)crationai afm
i 8 ycaIs,  coul(i  bc built in 1996 with cornlncrcial  parts  with anticipa[iorl of silnilzrr rciinhility.
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This bold advance in cnpabi]ity
would si~nificmtly reduce
parts’ costs (between 4- 10X)
and park  acquisition time (by 2X).
l’he reliability improvement
depicted in I;igLlre  2 is mainly
attributable to the fact that
manufacturing capability has
improved sLlch that the extensive
parts scrutiny to weed out poorly
manufactured parts and to achicvc
Class S status in 1977 are no
longer necessary to expect a
similar capability.

Do not be misled by this
example. If the class S scrutiny
were applied to 1996 parts, the
result would be parls more reliable
than simply acquired commercial
pal-ts. }Iowcvcr, the question is,
does that reciuction in risk jLlstify
the cost and schedule consequcncc?
in 1977, the answer was yes. In
1996, the answer is dependent on
lhc cormqLlcncc of the risk. }:or
an unmarincd four-year planetary
where a critical subsystem at’lcc.tsr]tission like Voyagcl-,  the answer (oday would bc no. Iior a nmnncd mission

llLIman  life m critical military applications, lhc answer coul[i still be yes. ‘1’hc ability to dccidc wl)ich risks m
acceptable in the light of the conscq Lrcnccs of fail Llrc crystallizes  the real issue ot’ risk. JUSt aS LllaSS CaflflOt  cXCCCd
the launch capability, or powc.r  demand cannot cxcccd that available from t}m power soLncc , so also risk is a rcsoLllce
which cannot cxcmci the pcrccivcd cost of loss (or conscqucncc)  dLrc [o failure. It is this balance bc[wecn  the cost of
failL]rc nnd the risk taken that is the cssc.ncc of risk nlanape.rrlcnt Since the conscqLlcnce of mana~ed  risk is cittm
pcrforr~lancc  success or fnilLlrc,  the ccmscqucnce of failLrl  c nlLrst trc Lrndcrstood and rnitigatcci to the appropriate dcgl-cc,
bLll not to an absoi Lrtc rnininlLrnr except irr rar’c cases.

Advances in process control and technology as cicscr-ibcd  above need to bc carcfLllly understood and lhc
pr-cvi OLlsly  applied test, analysis, and nle.tl~ocis of review chanp,cd  accotding]y.

‘_J’cstit)g - ‘l’he  NASA Office of Safety find  Mission Assulancc is funding, an efk~r-[ to learn the [cssons

from past testing experiences as well as develop irrnovativc.  ncw ]Ilctllods for qLlaliflcation and acceptance testing.
‘1’tlis cfl’ort is called the ‘lest Ilffcc(ivcncss Program.

An cxarnplc of innovative testing approaches is synergistic tcs[ing. I<cdLlcing serial Icst events which have
siSljificant scheclulc ancl cost consequences to a concur[cn[ m at least parallel set of activities as well as (icferring
some lest to the systcm level is onc way to cio tllings~({s[er  and chc~l~jcr.

l’bc. consequence 0( a set of discrctc  sc]-ial events is high cos[, long schcclulc, bu[ low risk. It is possihlc,
with some cicferred  ancl moderately incrcnscd  risk, to ~,rcatly Ieduce cost and sclmlulc. ‘1’his is a type of consideration
nccdcd if the fLlturc assLrrance provisions arc to be “in sync” will] dccrcasins  spacccraf[ budgets.

l<kk.  lt.v~lua.t.io.n - In older to structure a ncw way of addrcssin:,  risk, the NASA Ofiicc of Safety ard
Mission Assurance has sporrsorcd  a triad of activity addrcssin~ assurarlce requirements. In I;igurcuj intelligent risk
clccisions  (A) arc macic by cons i(icring the conscqLmccs  of nltc.]rnatc  Icvels (11) and the valLIc  of the iln~mcd producl
assLlrancc provision in detecting or preventing critical failures (C;).

‘] ‘Ilc Kisk/~cqLlirclllents ‘1’radc.off and g’ailorin~ task (Ii) reflects on the piuarnclric sensitivity of coritrol
paramctcls  to [hc effectiveness of the nssLrrancc  plovision imposeci. Chnsidcr ilrlplcnlcntatiorl of  a  rccognimct
mndard test. Strict imposition of a standard test lllay dlivc design cost, test illl}>leli~cr]tatioll  cost, or pr-oblcm
lcsolLltiorl cost Llnrczrsonrrt)ly. Any one of these cmmqLlcr~ccs w o u l d  also Iikcly affc.ct sChCCiLllC. Pruclcnt
modification Of a standard test is facilita[cd  by tlrc itltclli~c[!cc  provided in lhc l<isk/I<cC]Lrirelllcr]ts  “1’radcoff’s  and
“1’ailoring  Guidelines (B).
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l’hcsc nloclifications should seek to accolnp]ish  the intent of [hc original test but factor in the avoidance of
LInncccssrrry COSI and schcdulc  impacl. l~or example, fol elcctl-onics,  the technical cle.trrils of the effect c)f a thcrmcrl
test at “standmi”  tcmpcratLwc  T, and duration t, (which is ptcdickxi to bc marginal in tct-ms of ovcrshmsing
hnrctware) can be ccfrrclatccl to a less stmsful  test at 1’, slid t2 in terms of the change in failure rates. Gnsirlcr  an
AI-I  hcniui type failure typical in c]cclronics  sL]ch as typified ~n ]’igurc~~
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(;lcal-ly,  I dcctcascs as tcmpcratLlrc is lowered ftorll ‘1’, to “J’z,  in order to scc tt]c same numbc[  of failorcs as

cxt>cctcd at ,,, the tcs[ would need to bc incmscct in lcrlgtll. IIy this approach, the snmc cflkctivcrlcss of failLm.
dclcction  COUld exist fcjr a lest at ‘1’2 as at ‘1’1  as long as tbu lower tcmpcl-aturc did not move below tl)c thrcslmld for
which tclnpclatut-e activates a specific failLlre mode. ‘1’lw ltwthod  for dctc.cting wllclhcr or not [hc ptrysics of failure
was compromiscct  by the Iowct tcnlpcratL]rc ‘1’2 tcsti n~ would bc. Clctcmlincd by applying [hc I)cfcct 1 )ctcction  and
l’wvcntion  (~) process.

‘1’hc lkfcct I)ctcction and Prevention (EJ) task has as a cornclstonc  tllc dc.termination of the cf[kctivcncss and
relative value of various assurance activities; i.e., I’rc.vcrltions, Analyses, I’mccss Controls, and ‘1’ests (1’ACJ’S’)  to
detect and/or lmvcnt  failure rrlrfclcs  fi-om jeopardi~, in.g r]iission success. <“in I:iSLlr .-6, one. can visLlalim failure nmtcs
as being cictcctcd, Jmvcntcd,  01 lnissc+ by vatious  PAC:-J’s.  in the flgurc, CICad Y SEMnC fitlilLlrC InOdCS m:ly t~c dcte~[c~l
by any one. of a series of PACYJ’S.  “1’his  can bc vc.ry costly if all m pcrfor[llc(i. ‘1’hc key is to clilninate rcciunciant
sclccns witimut LInduly comprolnising  detection nnd jeopardizing mission SUCCCSS.
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A nwc}~anism  for evaluating the relative value of a given Prevention,
Analysis, Gntlol, or lest (l’ACl’) as

an assulance n~cchanisnl  for failure mode avoidance or control was dcvclopcd  by Bswcla and ~.ornforcl at J1’1,  [ 1 ]. ‘1’1 LC
mechanism dcvclopcd is called Accurate ~os( }iffcctivcr~css Qual ifica[ion (A~ltQ) zind can be. sinlpl y chamtcri~cd  i n
a summary sense by the matrix found in l:igurc~.~ -.
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In };igurcz one observes that all known failure INodcs (colulnt]s) arc assessed VeI-SLIS  the vii!-ious PAC;’I’S.

l’hcsc failure lnodes arc weighted by likelihood of occuiIcocc and illlpact on the mission.
A simple. rating schcn]c

for scmming effectiveness consists of applying a wclghting  systcln wllcrc a value of 1 implic.s  very little

cfi’cc[ivcncss,  3 implies a model-ate dcgrcc of cffcclivct]css , and 9 implies a hi~li degree of cffcc[ivcncss.

R(!fcrenccs

1. Ckmfor(i S. 1.., }Izrtcla 1’. ~.: A Systematic AiyHoaci~  to }Iarciwalc  Quaiifica(iorl.
lilS A’1’M iM occcciings, 1995



Whca applied, the rating scheme permits a correlation along the rcirrtivc effectiveness column that poin[s m whim
combination of PACf’s  have the most effectiveness (value) in dctc.cting failure mode. Costs of tbc I’AC3’S  can tilso
hc. included and correlated [o cffectivc.rwss  in the A~I~Q process. ~orrclalion  along the relative dctcc[ability  roiv
points to the degree to which a particular failure mode is addressed for a particular set of selcctcd  high value PA~’1’s.

As an example, cmying  through with tbc previtnrs  thcrlnal discussion, it is practical to corrcla(e the
cffcctivcncss  of a thermal tes( as a scrccn for failure moctcs at a given tcmpcratul-c (1’2) by contrasting how the
cliffcrent  temperature levels affect the varioLts  failure modes. “1’tlis physics of failure asscssn~cnt  is cmbddcd  in the
A~llQ  tcchniqLlc.

‘I”hc thermal example discussed is greatly simplified for illustrative purposes of the risk assessment pmccss.
When fully dcvclopcd for a myriad of assurance elements, tlIc combination of understanding the cffcctivcrrcss of the
assurance provisions control parameters and the relative value of any onc assurance provision cornparui to others is a
powerful tool with which to manage risk control. l’he approach dcscribcd  is being dcvclopcd  ancl applied to NASA’s
New Millenniuln  Project. l’he output of tbc activity will bc useful to spacecraft ciesigncrs for a broad army of
applications. l’he significance of and ability to tradeoff preventions, analysis, controls, and tests allow cost and risk
to bc managed appropriately.

Mission Success - ‘i’hc meteorological satellite discussion aciclrcsscd a ncw meaning of mission SLICCCSS;_—-— ——. .—. .—— . ..-
i.c., juclging succcss as accomplishment by a series of s[lacccraft addl-cssing nlission  prograrr~  objectives rather than
by ;ny  onc discrctc spacecraft. l’bis approach fits tllc context of scvc.ral ncw NASA progralns.  ‘I”hc Ncw
M i] lcnnium Mogram is a series of small space.crafl launched on s h o r t  schcdLilcs to dcmonstlatc  cmctgirlg
tccl~nologics, Success here is not dcpenclcnt on any OIIC  s}mcccraf[ accolnplishing tbc cn(irc pr-oglarn’s  mission
ol)jcctivcs.  A similar scenario exists for the Mars Iixj)lcwation  l’mgran~ whm an array of spacecraft ale bcirlg
dc.vclopcd  to accomplish a variety of objc.ctivcs. Again, any one spacccrall dots not carry the full buldcn of’ n~issicjn
SUCCCSS,  since it is the total program against which succcss  shoLIld bc judged. ‘l’hcrefore,  a key consideration whicl]
I)lovidcs impel-tant latitude in tbc .bet[et-, f(l.$ler,  cheeper cnj’imnlncnt  is the dcgIcc to whicil  ao inctiviciuai  spacccmft

in a series of spacecraft must avoid risk, i.e., bc faiiore proof.  A kcy ingredient in cvaiL\ating the Iccluiwci quality of
a spacecraft is the prcciiction  of the probability of sur-vival l{(t). ‘1’ociay,  reliability ptcclict ions me rllalginal at i)cs[.
Oncc li]c credibility of predictions is cstablisi]cd, risk nlana~crllent wiil IIavc all iavaluabic tool to hncic I-isk as a
rcsourcc. ~onfidcnt]y  being able to pmlict probability of SU[ vival would grcotly  sirni>lify and quantify risk/cost
tmics.  I:or cxnlnillc, cmsicicr wllethcr it is bctlcr to Iauncil onc cxpcnsivc  very iow risk (I<(t)  --.99)  simccrati  or to
launch four ntodcrate risk (}/(t)-.8) sixrcccraft.  “1’l]c  tlighcr risk spacccl-afl can bc cicvclopeci in shor [cr-  tilnc pcrimis Ior
icss cost. In tbc firs( case, there is cnorlnous  cxpcnsc  (0 oi]tinlim rc.liability  for an cxpcclation  of onc SUCCCSS.  ]n

the Mtcr case, dlcrc is cxpcc(ation of three successes (and onc f:tilurc), bu( at nto(icra[c  cost because cvcl”y J>rcvcnlion
agilinst fuii L1l-c  is not cxcrciscd.  11 is rccogni~c(i  that no one likes fniiurc. C)nc couid view R(t)-.8  as k] I ibic if the
rwcmll  W(IHC o~refttrn orl cost of tbc program wasn’t thoroLtgllly considcrcci,  plannc.d  fol-,  :Lnci acccptcd.  ‘1’ilis cxa[iti)lc
obvioLlsiy rcqLlilcs  abiiity to imdict sut v i v a i  (1<(t) and tile. avoicimec o f systcn~a[ic conlmon  mmic faiiuws,
Avoi(iancc  o f  sys t ema t i c  Comlnon rllo(ic fai[Llrc, conscqLlcntly, is a critical place to focus t}m prwious  r i s k
]]umagcrncnt resources. I)ocs  (ilis sorl of collccJ)tLlaii7.:iliolL  cncoumgc  faiiulc  or- imlLlolc a fiii]ponl  attilucic toward
failul-c’? NO! l’his conceptualization promotes !llinimi~ins  tllc cost of SUCCCSS.

l<isk is a colnplica~cci issLlc. in tllc series spacccluft  examples (iiscLlsscci,  several imixwtant  clcmcnts bavc to
be mnsidcrcci in clcvcloping the program’s risk logic. “1’hcsc  iaclu(ic: cos t  (rnctcorolocicai  sateiiitcs m rclativcty
incxpcnsivc);  corLsccluc.ncc  of failure (in tbcsc unnlannc(i missions, bLlnlarl Iifc is not c.ndangmd by failure of an
inciiviciuai simcccmft);  and success (some is aiways p,uwanlce(i). The. taxpayer wiii accci~[ risk hkl~ic-ork  ii] [his
envimnmcnt. la the future, a]] nspccts of cost mLlst COIIIC  (iown. Ncw cfflcicncies must bc (icvclopcci. ‘1’ra(iition  :LJKi
ycs~cr(iay’s answers arcn’( necessarily right for tmiay’s tcclmoiogics;  e.g., tim prcvioLls cxalnpic  of a Voya2cr  class
si)acccl-zlft in i977 V S. ]99~,

A ncw attitucic to consider assLlrancc provisions that a(ici va]oc anti i>i”ovicic a(icciLlatc, not Oi)tilllai, confr(icncc
is a c}Lnilcngc  that tiLc reliability community ncccis (0 accci~t, Wllilc  sLIcccss is ncccssary  for-  survival, :iflorciability  is
a rnandatc.  Risk management should crubl-acc JLCW [Cnallts ami cicveiop Cicar, sLlccinct ways tfo al” Lic Lllatc tile corLceilts
which ilcip imjccts  to balance risk as another basic rcsoLltcc.

Risk rmrrmgcmcnt  must bc forwwi  looking aII(i plogressivc, not tic(i to  llIc tmiitions  of  [~ast assLmIncc
lllc.[i~c)cioi(lgics c.xcept wbcrc ttLosc nlc[ho(is  arc both technically anti cost cffcctivc. ‘1’ilC fLltUIL’  Of NASA  \Vill bC tiCCi
to ils efficiency an(i prodLlctivity.  Risk nvoicimcc nlLlst bc an axionl of tile past; it Simi>ly  c;lnnot i)c sui~iwt tcci in
tmiay’s economics. Sys t ems  proccsscs nlust bc rccnp,inccrc(i to rnc[imis  which undcl-stan(i and ll)anag,c the lrisk
wsourcc  without prccl Lding a high cxpccta[ion of success.
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‘1’lw rmxarch described in this paper wns c,arried out by [he Jet Propulsion Laboratory, Czliforniil ]ns:iltltc of

Technology, un{ier a contr:ict with the National .4erwl:iutics  mld Sjmce Administration.


